Tadler, Am. Nat. 138, 1315 (1991). 6. Cell sizes were obtained with the use of a Coulter particle counter and channelizer, which measures the volume (1 fl = 10-12 ml) displaced (Cambridge Univ. Press, Cambridge, 1984). 8. The progenitors were isogenic, except for an arabinose-use marker that enabled us to monitor possible cross-contamination and to score competitors in assays of relative fitness (5) . Half of the populations were Ara-and the other half were Ara+. The marker itself had no discernible effect on fitness in the environments used in this study. 9. M. Travisano, F. Vasi, R. E. Lenski, Evolution, in press. 10. Fitnesses were measured with fivefold replication for the 12 ancestral genotypes and with 1 0-fold replication for the 36 derived populations. These assays and all those reported later were run in sets of complete blocks. 11. The variance component due to measurement error is the mean square error. The variance component due to chance indicates variation among populations with the same ancestor that is above and beyond that due to measurement error. The variance component due to history reflects variation among ancestor groups that is above and beyond that due to chance divergence and measurement error. Approximate confidence limits can be placed on these variance components, and they are asymmetric (34) . We report the square roots of the variance components for chance and history, so that magnitudes and units are directly comparable to the mean change due to adaptation. The t distribution with n -1 df was used to obtain confidence limits for the change in grand mean, where n = 12 is the number of independent sets of populations.
12. F= 24.3,11 and44dfP<0.001. (6) . In order to compare this reaction with the enzymatic decarboxylation of orotidine 5'-phosphate (OMP) by
A Proficient Enzyme Anna Radzicka and Richard Wolfenden
Orotic acid is decarboxylated with a half-time (t12) of 78 million years in neutral aqueous solution at room temperature, as indicated by reactions in quartz tubes at elevated temperatures. Spontaneous hydrolysis of phosphodiester bonds, such as those present in the backbone of DNA, proceeds even more slowly at high temperatures, but the heat of activation is less positive, so that dimethyl phosphate is hydrolysed with a t1l2 of 130,000 years in neutral solution at room temperature. These values extend the known range of spontaneous rate constants for reactions that are also susceptible to catalysis by enzymes to more than 14 orders of magnitude. Values of the second-order rate constant kca!Km for the corresponding enzyme reactions are confined to a range of only 600-fold, in contrast. Orotidine 5'-phosphate decarboxylase, an extremely proficient enzyme, enhances the rate of reaction by a factor of 1017 and is estimated to bind the altered substrate in the transition state with a dissociation constant of less than 5 x 10-24 M. the pure enzyme from yeast (7) 250C (7) (Fig. 2) . The activation barrier would have been much less severe for a thermophilic organism living at temperatures near 1000C, a temperature at which the t112 of the nonenzymatic reaction is only 10 years (Fig. 2) (6) . This difference in rates is probably due at least in part to differences in substrate structure. (Fig. 1) , which suggested that a short polypeptide linker could connect these domains. In this model, the fusion protein would bind a hybrid DNA site with the sequence 5'-AAATNNTGGGCG-3'. The Oct-i homeodomain would recognize the AAAT subsite, zinc finger 2 would recognize the TGG subsite, and zinc finger 1 would recognize the GCG subsite. There was no possibility for steric interference between the zinc fingers and the homeodomain in this arrangement. Superimposition of the DNA duplexes in other registers generated a second plausible arrangement for a hybrid protein (3); however, this model was not as favorable because there was a risk of steric interference between the zinc fingers and the homeodomain. The design strategy was tested by construction of a fusion protein, ZFHDi, that contained fingers 1 and 2 of Zif268, a glygly-arg-arg linker, and the Oct-i homeodomain ( Fig. 2A) . A glutathione-S-transferase (GST) domain was added to facilitate expression and purification, and the DNA binding activity of this fusion protein was 93 
